technique is applied to determine the presence and location of malignant tumor in the heterogeneous breast model. A new strategy is integrated in the FBTS algorithm to accurately estimate the dielectric properties of tissues. We demonstrate 2-D FBTS technique utilizing the numerical dispersive breast model in a free space. This new strategy manipulating Debye dispersion equation is proposed to treat dispersive case. Numerical simulation results show the FBTS algorithm has the potential to provide useful quantitative information of the breast's internal composition.
INTRODUCTION
Breast cancer still remains the leading cause of cancer death among women [I] . Early detection is an important issue for effective treatments. Currently, X-ray mammography is the standard method of breast screening for detecting tumors. Limitations of X-ray mammography have been shown to miss up to 15% of tumors [2] and high false reading rates (see [3] and references therein).
Recently, microwave imaging for breast cancer detection has been reported by many researchers [3] - [5] as alternatives to X-ray mammography. Electrical properties of tissues at microwave frequencies have been extensively studied [6] , [7] . There are varieties of active microwave approaches utilizing frequency-domain inverse scattering [8] , and ultra-wideband radar-based techniques [9] for breast imaging. These approaches have demonstrated the ability for detecting tumors both in numerical studies and phantom experiments.
In this paper, we present the Forward-Backward TimeStepping (FBTS) technique using broadband microwave signals to solve the inverse scattering problem in the time domain. This technique was reported by Takenaka et. al. [10] for a simple one-dimensional case and has been extended to reconstruction of a heterogeneous breast model in twodimensional [11] , [12] . For three-dimensional case, both numerical and experimental have been studied [13] , [14] In this study, we focus the research work of 2-D FBTS utilizing the numerical dispersive breast model in a free space. The main goal in this study is to accurately estimate the size, shape and dielectric properties of the malignant tumor and healthy breast tissues for dispersive case. We will assume that the breast model is composed of four different tissue types with distinct dielectric properties: skin, fatty, fibroglandular and tumor. In order to achieve this goal, we exploit the single-pole Debye dispersion equation to be incorporated directly into FBTS algorithm.
II.

METHODS
A. Dispersive Dielectric Properties Estimation
The foundation of this approach lays in the formulation of the Debye dispersion equation. It uses an approximate relation between the relative permittivity and conductivity. Even though there is no such relation, however, if we can approximate a nonlinear relationship explicitly, the relationship is used to reconstruct only a relative permittivity profile. The frequency dependence of the dielectric properties of breast tissue is modeled using a single-pole Debye dispersion equation for the complex relative permittivity
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OJ&o where &00 is the relative permittivity at infinite frequency, &s is the static relative permittivity, T is the relaxation time, and as is the static conductivity.
In this framework, we derive equation (1) to be expressed as
The first term of expression in equation (2) can be represented as relative permittivity given by 978-1-4244-4665-0/09/$25.00 ©2009 IEEE (3) c)m) = e; + & $(~&OOy
Take into consideration of equation (3) and second term of expression in equation (2), the conductivity is then expressed as A sinusoidally modulated Gaussian pulse was used for excitation signal having bandwidth of l.3GHz centered at 2.0GHz .
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B. FBTS Inverse Scattering Technique
In the FBTS technique, errors between measured and calculated microwave scattering data are compared in the time domain. The following is the error functional equation for an assumed electrical parameter vector, p consists of permittivity and conductivity. 
C. 2-D Mkl-derived Breast Model
A slice of MRI contains 0.39mm x0.39mm resolution from the healthy left breast of a volunteer in the prone position was taken at Nagasaki University Hospital. First order Debye model parameters were mapped to each pixel value using the piecewise-linear procedure described in [15] . The model was resized to a 1.0mm x 1.0mm resolution to satisfy the FDTD grid size. The skin layer of 2.0mm thickness was added to the model. Then, a 5.0mm diameter tumor was added in the fibroglandular region of the model. The values of the nominal Debye parameters for the various tissues were taken from [15] .
D. Image Reconstructions
To demonstrate the validity of the FBTS technique, we consider reconstruction of a 2-D numerical dispersive breast model. 2-D FDTD in TM z wave numerical simulations are carried out to obtain synthetic scattering data as measured scattering data. Sixteen points represented as antennas encircles the breast as shown in Figure I :: g i .~iJ ii l~:~-.T Li~r~~~~UL::~Ĩ n this study, the breast was assumed to be immersed in a free space as a background medium. After forming the set of synthetic scattering data, the FBTS technique was utilized to reconstruct the breast model. Reconstructions were conducted utilizing a 1.0mm x 1.0mm FDTD grid size and the optimization was carried out for 150 iterations. The Convolution Perfectly Matched Layer (CPML) consisting of fifteen-cell size is used for the FDTD solution space. Next, we consider the effect of a priori information to estimate the electrical parameters of the tumor in the breast model on the convergence behavior of the FBTS algorithm. The crucial feature in this approach is to determine the two possible values (denoted as TL and TH) describing the minimum and maximum levels of the fibroglandular tissue region as illustrated in Figure 2 . Assume that the electric properties of skin layer are known. It is assumed that these two values are known as priori information of relative permittivity level condition for fibroglandular tissue. The outline of reconstructions is chosen as follows :
• Estimate A: A tumor of 5.0mm diameter was added in the fibroglandular region of the model. The reconstruction region matches the shape of the breast.
The initial guess e, and a values in the entire breast region are set equal to the average value of "normal" breast region (s, =13.9 and a=0.27) which includes the fat, fibroglandular, and transition regions. Then, we apply TL=15 and TH=30 to the level condition.
• Estimate B: Similar setup as in Estimate A. Then, we consider the level condition value for TH=35 whereby the value of TL remains the same as in Estimate A.
III. RESULTS AND DISCUSSION
From a mathematical viewpoint, the relative permittivity e; and conductivity a at a fixed frequency seems to have a linear relation. In reality, this relation is invalid. However, in this approach we assume that they have a linear relation to each other. When e; changes, 8 00 , 8 s and as (assume i is remain unchanged) also change so that a does not change linearly with e; However, for simplicity, we assume that the second term of equation (4) keep constant given by nominal values of 8 00 and as. As a result, conductivity a can be obtained. Finally, modification on the gradient of a cost functional with respect to the relative permittivity is considered in order to take account of the effect of conductivity. Obtaining this relation, on the other hand, could lead to new strategy in FBTS technique to reconstruct the conductivity profile based on reconstructed relative permittivity from dispersive dataset of the 2-D MRIderived breast model. Figure 3 and 4 show the reconstructed relative permittivity and conductivity of the Estimate A and Estimate B, respectively. From these figures, it is found that the tumor is clearly detected and the shape of the fibroglandular region is distinct from the surrounding fat tissue. This approach can be considered to treat dispersive breast model. The level condition (TL and TH) would influence the shape of reconstructed conductivity. This level condition is a good approximation for describing the minimum and maximum values of the fibroglandular tissue between fatty tissue and tumor tissue. In this study, the 2-D FBTS algorithm was performed on a cluster of 16 Personal Computers (PCs) and parallel processing integrated with Message Passing Interface (MPI). Each computer has a CPU of Intel® Core™2 QUAD Q9450 2.66GHz and 8GB memory.
IV. CONCLUSION
The FBTS algorithm is an iterative technique in time domain to solve the inverse scattering problem of reconstructing relative permittivity and conductivity profiles. The FBTS technique was used to successfully detect malignancy embedded in a dispersive breast model. The numerical simulation results in this study indicate that the new approach in the FBTS algorithm accurately estimate the shape and location of a tumor in order to discriminate between malignant and healthy breast tissue, and also can assess to the breast's internal composition. 
